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A.j

The general obJeotive ot this reseaoh oontzraot to to oaodut an investi-
gation of botopolymeriuatios teohnique. and their utilisation as a dry
pS.iture takng and printinn mdiu for military use. Detailed reýqnmstg
are oontained In teobnloul 01aines for PR & C. No. 62-=L/-2*50 (61-
2355),* dated 11 may 1961.
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B. hDACT

One objective of the research program has been the elimination of hdrogen
peroxide immersion as a processing step for photopolyierisable errio salt
coatings. In a continuation of work reported previously we find that the
ferric salt of 3,3'-dithdrozybensalio acid initiates the poaylybiation of
vizl monomers in visible light without peroxide. Coated layers of this
ferric saIt require shorter exposures when the photooatalyst conoentration
is relatively low.

The effectiveness of uranyl ion as an initiator of photopolymerisation is
under study. Uranyl acrylate and uranyl methscrylate yield opaque polymers
in visible light. Solutions and coatings which are stable in the dark have
been prepared.

Another objective of the program has consisted in the production of oolor
in a photo image by the simplest possible moans. A colored (gsreo) print-
out ima reaults from the exposure of a coated layer containing ferrio
bensilate and the hydrochloride of the leuco base of thiophone green. 1,3-
dibydroxy-1,3-dimethylFlutaric acid has been synthesised; its ferric salt
is light sensitive. 1ho expected red-oolored photodeoomposition product
of the ferric salt of this 2oid has not yet been observed in coated layers.

In continuation with our efforts to achieve a dry processable photographic
system based on photopolymerization by the production of a colored photo-
resist, the synthesis of color former monomers related to F,NI-methVlene-
bisaorylamide has been pursued. N.NI-(2-rhdro,.ybnsylidene)-bisaorylamide
was prepared and found to exhibit reactivity comparable to that of NNt.
metbylenebisacrylamide in addition to rendering the photoresist color
developable. The synthesis of a bensoylaeetanilide analog was ocmplioated
by the instability of p-amino-benzaldehyde needed as an intermediate,
Non-diffusing, water-soluble color couplers are effectively retained by
the photoresist formed in the iron-peroxide system, Incorporation of a
mixture of yellow, oyan and magenta non-diffusing color couplers In photo-
polymerizable coatings leads to photoresists that become black on color
development. The processing of this system has been simplified by (1)
incorporation of color developer in the coating and (2) combination of the
peroxide and persulfate baths. The stability of the developer-oontaining
ocating is limited due to developer oxidation and two developers reported
to be more resistant to oxidation were prepared and tested without success,

An approach to a faster photopolymerization system bosed on rhotosensitised
autoidation of 1,3-dioxlanes has been initiated. Thus far coatings am-
taining monomer rose bengal and the dicxolane substrate yield photoresists
after moderate exposure and processing in a solution containing ferrous ion.



A gravimetric method was developed tor tho determination of the percent
conversion of Ntmethylenebisaoryla. Ade to po2Vywr "hen photoinitiated
by the iron-peroxide system in thin gelatin layers.* 3oth chemical and
upeotrophotometrio evidence indicates the isolated polymer to bepgraft
copolymer of polywmthylenebisaorylasiide to binder.

The phaotochemical chain reaction of mercuric chloride with potassium
oxalate was found to photoinitiate polymerisation of A-5 solution in
the absence of ogyon, Coating trials wmre negative.



4.4

1. Th. following reports were issued:

a. Monthly Report No* la *Investigation of the Photopolymerisation
Proceus," 14 February 1963 - 13 Larch 1963; Authors, S. Cervanka
and F. '1. i..llard,

b. iontbly Report No, 21 *Investigation of the Photopolyuerization
Process," 14 ilaroh 1963 - 13 AMUil 1963; Authors, 2. Cerwonka
and F. Wi. lillard.

2, A conference vas held wit•x Dr. Norman 0. Gaylord, consultant on
this contract, on 1 iiarch 1963. Research pro:;ress was reviewed.
A conference was aleo 'ield at the U. S. Army Zlectronios 3esearoh
and Development Laboratory on 17 April 1963 to review research
progress. This meeting was attended by Iles h. Levy; Dr. E. Corwonka
represented the Photo and lepro Division of GnF,
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1, Photonal wseatia with 'M.j Salt= in the AbUen of Peroxdes

a lerrio Salt of 3',36 D i nnflo nIA

Starting with 3 hydroxybensaldshyd,, we synthesised 3,3' dibydrooi-
bensiic4 aaid. De tagls ,of the peperation were given in Section
D 1 a (2) of Final Report. November 15. 1962 - February 1., 1963.
Coating tests were made during the past quarter to compare the
behavior of the ferric salt of this acid with that of bentilto
acid itself and of 4,41 dlhydroxytensilic acid.

Natrosol 0250LO 0.625 g. 0.625 g. -
Polyviril pyrrolidone,

&30 - - 3.75 a.
MBA ONh met•Ylene

bisacryeml de) 0.250 g. 0.500 g. 0.500 g.
33' ,31 bfcYbeonsilic

acid (W - 260) 0.780 g. 0.033 g. 0.033 g.
Ferric ummcium sulfate

dodeoahydrate (F1
.82) 0.723 g. 0.060 g. o.06o g.

Water, to 12.5 I1. 12.5 ml. 12.5 Ul.

Required exposure
with water wash 60 sec. - 5 seg. - 5 me. -

no resist onlorleas colorless
resist resist

'ith hydrogen peroxide 5 sec. - 5 goo. 5 se. -
wash black resist gray resist gray resist

Tl ,, = 33,3 D•i.dioxyni acid in the quantity Indicated
ma dissolved In deionised water (20 ml,). Binder was then stirred

in, and -mmsna in 20 Al. water was .added, the muxture being w&rmed
at 40 0. until solution was oomplete. Ferric anmonrm sulfate
dissolved In 3 al. water was added in red light. The solution was
brought to a volume of 50 A., coated on blryt.a paper, and allowed
to dry. A test strip was exposed (for the period IoAicated in the
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table) to the light fro a 375 watt renleotor lUM at 16 Inches
distante. Results obtained wLtb (a) water was at 400-50 0.
and (b) drogen peroxide I rsion (15 seconds) we mara.ised
in Table I.

Diaouaain of table I Data: Recipes f(6 and 069 each con-
tained i/8 illimole ferric amonha sulfate and 1/8 millincle
of the benrslic acid derivative in 12.5 al. coating solution.
TeA strips of each gave a olorless resist with water wash, whereas
a gray color appeared during Ilmersion in hydrogen peroxide. Hydroxyl
radicals derived from the reaction of ferrous ion with hydrogen
peroxide enter the aromatic ring forming a cateohol derivative,
which forst a colored complex with ferric ions. A test strip of
*064? contained 1.5 mdllimoles ferric mat and 1.5 atillmoles
organic acid in 12. ml. coating solution. Thi saple gave no
resist with water after relatively brief exposures. It is believed
that the higher concentration of ferric ton present in 1064?
effects the oxidation of pLotoproduced diphenylmethoxyl radicals
by reaction (2) below. This reaction competes with the initiation
of MA polymerization by the diphenylaethaxyl radical. Simila
results were reportod with ferric bensilate and other derivatives
(Tables I and II, Section D, Final Report, November 15, 1962 -
February 14, 1963). OH

(1) Fe+' + '•- ... 7- Fe.4. .+z ÷ co + +
•oQI! I
I

(2) Fe+3 + C~jq N
(1 ~ Eli - 4 Fe4. 2 +l'

SWall -+ ,. + C02 + +

Results describJed in tais an•d pei~ousI replorts involvingI the ferrio
salt of various hydobnuilic aeids Iuggest that the ferricesalt
of 3.5, 3'.5' tetrahyd o~'enaLiei aeid would (a) initiate polymwi•-2aton of ) a viyl monomr in light, (b) +hoi greater image den+t&
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when Immersed in khdrogsi peroxide than bensilic acids having only
one bydroqV group per aromatic ring, (a) mi--t show a greater den.
sity in the dry coated layer when exposure t. followed by heating
or storage in the dark (Patent Disclosure AD 1804, also earlier
reports). Acoardingly, the synthesis of this acid (not reported
in the literature) has been undertaken.

This procedur was based on a moth9l of preparing 3,3' d.methmcy-
benzoin from 3 mthoxybonaldshydo'.

Powdered potassium cyanide (1 g.) was added to a boiling solution
of 3.5 dimsthoxybenzaldehyds (10 g.) in 50elt aqueous ethanol (30 g.).
After boiling under reflux two hours, the mixture was cooled and
placed under refrigeration overnight. About 7.6 C. of an orange-
yellow oil was obtained. This material was not furthe puri
but was oxidized to a benzil derivative by a published method"'.

2 .O N 0 3 I.

CH cH'cr'O NOCI

M.p. 850- 880 C,

3.,1.' _' U~Mthorybonsi1

The oil obtained from the bensoin condensation was ass to be
3,5,3'S3t totrammtboxybonsoin formed in about 20% yIoV'~. It
was dissolved in pyridine (5 ml.): opper sulfate (3.35 g.) in
water (1.75 ml.) was added and the hixture heated under reflux
two hours. At the end of this period the mixture was cooled and
poured Into three volumes of water, liberating a dark yellow sold.
The crude material was recrystals.•ed from 90 ethanol (30 ml,).
The yield of purified 3,5,31,51 tetrmetboxybnsil was 2.3 grams
(11.6%) malting at 165-166o C. The oompound not having bee
previously prepared, a sample was submitted for analysis.

CH 0 0 0

CHOb 0013 C"9 O01! CH30 ccH 3  083P O 00

Analytical Datet C& Cal:. 65.43, FuMD 65,33
El 01101 5.50, Found 5.55



TetramUeioqbensil was eoanerted t? 2 #we tetrabeYdrOV comonmd in &
mamer described in the iseratr Is The mthrow compnd (2.3 g.)
was dissoved in glacial acetic acid (20 Al.); W Wrobrlce acid
(40 mi.) was added, and the ,ixture heated wdie ref"ux for six
hou.s. At the end of this period the reaction mixture was e03led
and poured into water. The crude material (1.1 g.) was newly
black In color and had a melting point above 30W Co. AlthOu no
single reorystallising solvent was found, It dissolved in ethanol,
from which It was re-preeipitated with water.

0 0 0 0

CH0, OOH3 oC)0 HO (3 50 CH

kttseted. Svntbesis of 34.53 P Sl . 2ravrrbnuloA

Following a published method(3) which had previously been found
satisfactory, we attemted the oonvetsion of to
to to aydro•b•ensilio acid.

3., ',5' Ietrohydroxybensall (1.0 g.) was added to a meIt at 1250 O,
consisting of sodinu hydroxide (1.0 g.), potassium I 1 (1.0 g.)
and water (0.8 l0.). she mixture was stirred at 1i0o C. for 1,
minutes (od's metal bath). It was then ooled, diluted with water
and aeldified with hydrochloric acid (10 al. of 6N). Ethr extrac-
tion (three times. 100 al. each tim) gave a trace of ally residuse.
Qu•ltative teste (ferric amonin sulfate should give a yellow
green ferroue salfate4'drogen psrad• e should give a bMek) showed
that the desired product was absent in the residue and in the aqueous
phase. About 0.6 go. starting material (ttrsftidrc bensI) was
recovered unchanged, m drastic reation conditions are evidently
required to effect the benallio acid traasforisation of this partiou-

war bensil.

It ferric bensilate in a coated layer can be thsrmsally doosr-
boqated follouing expomsre, the ipotosensitivity of the few e
salt will have been destroyed. In this way a coating having a
ferric salt as photocatalyst can be therm ly ftamed.' Tvmal
fixation tests were oarred out with strips of 4,60, 65 sfo lated
as fonoewsI
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Polyvinyml wroio15 its
i~ A72 g.

Benailic acid (recrystallized from
water) (OW 22•) 0.11 ge

Feorri ammoniu sulfate dodecahydrate 0.241 s.
-later, to 0 al.

uMoo- 2.' This formulation was coated in the same mainer
as those described in TMble I. A control test strip was
exposed 30 seoonds to the usual light source (375 watt relles-
tor lamp at 16 inches) followed by washout and showed a color-
less resist. Another test strip was also exposed 30 seconds,
heated 60 seconds in an oven at 1800 C., then washed with hot
water (500-00 C.). The resist image was now largely obscured
by background polymer. hen an exposed (30 seconds) strip we
heated 30 seconds in a 1800 oven, then washed out, the backgrouvd
polymer had less thickness than resulted from the 60 second
heating. The same exposure (30 seconds) and heating (30 seconds)
were repeated, but a second exposure of 30 seconds was made at
right angles to the original exposure & the intervening
heating period. ?Vashout showed only one resist image. In an
effort to reduce the heating period, another sample was exposed
30 seconds, heated 10 seconds at 1800 C., then re-exposed at
right angles to the first exposure. W"ashout showed a pronounced
resist image from the original exposure, with a second, less-
proounced image appearing at right angles to the first*

Discusson: In these tests a 60 second heating period w exces-
sive and effected polymerization or hardening of the background.
The hardened layer could not readily be washed cut. Insufficient
heating was illustrated by the 10 second period, which permitted
the photocatalsyt to retain its sensitivity to light and gave a
double Image after washout. The degree of thermal fixation,
therefore, depends an an optimm heatin period at a perticular
temperature.

(2) antiieof Fwni o Dnsilato to ?Ad U&Sh

To determine whether the addition of methylene blue to a photo-
polymerizable ferric bensilate composition makes the coated
layer red light sensitive, we prepared an coated the following
faroaelationse

Natrosol, 025CLI 1.25 go 1.25 g. 1.25 &.
MA 1.0 g. 1.0 g. 1.0 g.
Bensailic acid (recrys tal-
Used from water) N-228 o.o57 g. 0.057 g. 0,057 g.

( iNtbylesia Blue, aq. (34 mog.
per 100 ale) 1 ) 374 •d ,,. - It.

Ferric amWMa sufate
'doastbdrate (1'WmeO82) 0.120 go. 0.120 . -

water, to 25 al. 25 al. 25 ml.
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Test stripe veremposed through a negative to a 375 watt lamp
at 16 inches for a period of three inutes. A Hrsol red filter
was placed in series with the negative. Washout showed resist
imaps present on amapos of "92 and 0694o. ft693 showed no
traoe of Imp. The compositions containing mtrlelw blue are
indeed sensitive to red light, but It Is not ol•ea from our test
data whether the initiating species is a dip*oelmthoxyl radical
derived from ferric bensilate (W0692) or a radical &rising from
photo-excited metl•lne blue-owith bensilio &aid acting as
electron donor (0694).

(3) 2R4AMato gf SIMve Nitrate by Zxnosd Feri aNdI&At

Print-out systes based on the reduction of silver ion to
metallic silver by photoformed ferrous ion have been known for
mawW years. The action of light photoreduwes ferric benrilate
with the simultaneoue formation of an Initiating radical and a
ferrous ion. A coated layer containing moncmsr and silver
nitrate would be expected to show polymer and metallic silver
in exposed areas.

PVP 7.5 go 7.95 go 7.5 go
11A - 1.0 g. 1.0 go
Silver nitrate (P.1=170) 0.170 g. 0.340 g. 0.170 g.
Dents.il acid (Fl, 228),

NRK 'Ote Label 0.057 go. 0.057 g. -
Oxalio acid, am•nydrous

(F9o) - - o.o5 g.
Ferric amusonium sulfate

dodscahqdrate (•WA 82) 0.120 g. 0.120 g. 0.120 g.
Water, to 25 ml. 25 ml. 25 al.

The formulations were prepared and coated on baryta paper in red
light. Samples were exposed five seconds to the usual light
source. No image was visible 5immediately after exposure; how.
ever, wetting produced a brown image in samples 10745 and
"oie7. (The presence of water accelerates the reduction of
silver Ion by ferrous.) Further washing with hot water left
a relief Image on #W747, brown In color.o #45 showed brown
color :in the exposed areas of the paper, but no resist (print.
out silver only). #W50 showed nothing at five seondes but a
relief image of a $ray color was obtained after exposure for
30 sconds followed by washout (reduction of silver b fterrws
oxelate--initiation of polperisation by exalate with relatively
long exposure). W,1hen the exposed sample of W74? was washed In
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10 h,,iogen perod•as, a olorless resist was obtatned. This m
be attributed to reoxidat.on of metallic silver by peroxide or
to reoddation of ferrous to ferrco by peroxide so that the -
silver nitrate was not reduced.

2, rhotoomm1ution Initiated by Uraivl and Ce,'io Salts

a. Aueou Sutions of Ursawn Slate

Studies of the rate of oxidation of mandelic acid by mehtylene blue
in the presence of uran'l nitrate, o4(9.4 )a,.q photoen .itiser
have been made by Ohosh, Raraynmsrti and . ?ba. shese eaths
postulate the photoredution of uraVl (UO2"z) to urancus (UOq')
ion, acoompanied by the oxidation of munds. a acid to bensaldft, de
,ethylen. blue serves to reexidise. the reducoed ion U•'2 to U."Go

oa .. t.m wth the reduction of the dye to its oo ~ fom.rm
i.on UO +nov becomes available for lbotoreduction again. The
sequenLe of reactions is depicted by the foll•ing equations:

() uo22 + cH!o+ o I 1010 UO' 2 + %•5=c + 0o0 + B20

(2) U+2 + methylene blue . U.. +2 + ieuoo votaylene blue

(3) Leuco methylene blue + 02----4 mthllene blue + 2 *W

Reaction (3) is suggested by Oster as functioni.• Auring the iLi-
tiation of polymerization by photoreducible dyes 1. Reactions
(2) and (3) indicate the reeeneration of urauorl (U0 2 +12 )jon and

methylene blue during the cycle.

The fact that there are three wavelengths to which mwanyl Ion Is
sensitive (reaction (1)), eoupled with the possibility that
reaction (1) may proceed at a high velocity impelled us to begin
an investigation of this cyclic reaction, attempting to apply It
to the polymerisation of vinyl monomers.

A number of experiments wre carried out in aqueous solutions.
The results are muarised in Table IV.

Table IV
-, IndatiAo•

Uravyl nitrate (IW.0,), 0.502 S. 0s40
Uranyl nitrate, 0,902 g.

H•andlic acid, 0.152 g. (F.•,15) 0:53
Uranyl nitrate, 0.302 g.

metylege biue (nwn7) 3.74xo0"6 g.(~.-0,o' mi•t, cle ) o,43
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TmblI (continued)
Leduction PaIn

Urmnl nitrate, 0.502 g.
Wmndelic acid, 0.152 go
MithYlene blue, 3.'/4x10-6 g. 0i59

Uraowl nitrate, 0.200 g. (0.2 millimole) 0148
Uranyl Nitrate, 0.201 g.

iandelie Acid, 0.031 g. (0.2mm) 103
UrarWl nitrate, 0&201 g.

Methylene blue. 3.-7410"6 g. 0,54
Uranyl nitrate, 0.201 g.

Mandelie acid, 0.031 g.
liethylene blue. 3.74xi10 6 g. 1,07

ui To 5.0 0l. A-5, magnetically stirred in red light
in a 20 ml. beaker, there was added the quantities of material listed
above, dissolved in a total of 1.0 ml. of water. (Total volume
6.0 al. in each experimnt.) Each solution was Irradiated with a
1000 watt tungsten lamp at 23 oe. When the gel point was reached
as shown by an abrupt cessation of stirring, the time to gelation
was recorded as "Induction Period."

Discussion of Table IV Data: The induction period was shorter with
higler uranyl nitrate concentration. Addition of mandelie acid,
methylene blue, or a combination of both lengthened the induction
period over the range of concentration at uranyl ton studied.
'lbsther the addition of methylene blue has sensitised the solution
to red light has not been determined.

An unknown factor in these reactions is the nature of the radical
which Initiates polymerization Ahen only uranyl nitrate Is Weuent.
The induction period is shortest In this instance (0,40). Prom
our data it appears that the oxidation of mendelio acid by ureaM
nitrate competes with chain Initiation and propagation effected by
the uranyl salt. To pain more insight into the masohnism of photo-
polymerization sensitized by uranyl salts, we have stifed the
photopolyerization of uranyl aorylate. When a solution of urarql
acrylate is exposed to visible light, a white opaque polymer fom.
Evidently the acrylate anion is oxidised to a free radfoel species
which Initiates the polymerization of otber acrylyl radicals or
acrylate anuo.

Uran.l aerylate as employed in our tests was derived in either of
two ways: (a) uraniu triaxide was dissolved in aorylio acid, er
(b) ur&an nitrate was neutralized with eodita acrylate. Table V

( lists examples of the tests.
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Indution

Volume of
Sltion Sample &Down)1

(a) uranim trioxie (FPa286) 0.?72 g.
AeryUlc acid (vaoum distflled,

contains no inhibitor)(74=2) 0.4 g.
Water 10 Nl. 1.0 .xl.. 015

Concentrations 2mmoles U02+2
per 10 A.l water over 400moe0
acrylic acid per 10 ml. water

(b) Uranium triaoxide 0.572 g.
Acrylic acid. (commeroil

grade, contains p-msthom-
pienol as inhibitor) 0.4 g.

Water 10 0l. 1.0 Al. 0:16

(a) Solution (a) 0.5 .16
Water 0.5 al. 0:2?

(d) Solution (b) 0.5 .a.
Water 0.5 Al. 0e26

(e) Solution (a) 0.2 ml.
I'later 0.8 Alf, 0157
(P.•lpar formed first at rear of test tube)

(f) Uranim trioI.e, 0.143 g.
(CH2=cMW=)2CHo0CU (iA4198) o.198 g.
Water 5 nl. 1.0 ml. 1:05

(g) solution (b) 0.5 --,;.
Solution (f) 0.5 al. o024

(h) Uruan nitrate (Pl.502) 1.004 g.
Solution of sodim acrylate 10 Va. 1.0 i.d 0,17
(Solution contains 0.720 gram acrylic

acid, 14 sreial grade, neutralised
with 0.620 gram sodium carbonate
monohdirate in a total of 25 MI.
aqueous solution)

Concentration' 2 muiiles uo 2  ) 10U.02
4 mroles aCrylate) solution

'IV
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Induction

volume of U
Solution Jj0M J

(W) Uranwl nitrate 0.200 g.
Solation of sodi. acrlate

Lamwn a in(./ 2 ,..
Water 8 ml. 1.0 mi. 1s14

(J) Solution (b) 1.0 m.i
Hethylen. blue (~d=374) 3.74 mgi.

per 100 al. aq. solution 0.1 o.i 0:18

Conoentrations
24thylene blues 10-5 miole/O.lml.

(k) Solution (a) 1.0 m1
Mkthylene blue, 30 mg. per 100 ml. aq. 0.1 ml. 0:18

Concentration methylene blue, 8x10-5 mol.e/
0.1 ml.

(1) Solution (k) 1.1 l.
Verson solution, 8xlO- mole/0.1 ml. 0.1 ml. 020

(contains 30 ma. disodium verseiw (A-T372)
dissolv.d in 100 ml. aqueous solution)

(m) Solution (b) 0.5 mi.
Acrylic acid solution (7.2 g. caoinrcial 0.5 mi. 0:28

acrylic acid in 50 ml. aq. solution)

Ratio excess acrylic acid:urar~l ion a 10:l

(n) Solution (h) 03 ml.
Sodium acrylate solution (7.2 g. acrylic 0.5 ml. 0:27
acid, commercial grade, neutrulised with
sodium carbnarte monohydrate, 6.2 g., in
a total volTue of 50 ml. aq. solution)

Ratio of excees acrylate ionsm'aml ion a 1081

(o) Uranyl methacrylate solution 1.0 mL. 0816
(Sodium m,,etcrylat (A44lo8) 0.432 g.
UranWl nitrate (J-.5o02) 1.004 g.
to 10.0 al. with water)

(p) Uaranl metharylaete solution (solution 1.0 el. 2:00
oontene IF. 0.572 g., and maeb,
acrylic WNW, 0•o0344 e e

*U0ý only partially dissolved after tbree weeks



4 mewa+,ad @ Volume indicated for each sample was pipattod (in
rod light) into a test tube (inside diameter n I on., depth a 7o.
on.) wh•oh was placed at a distance of 23 on. from the outer a eoo
of a 1000 watt tungsten lamp. k glass, water-filled cell, one one
Inside thickness, was interposed between the lamp and the test tube
to absorb heat. '•hen the lamp was turned on, the Induotion period
was measured by means of a stop watch. The time taken was that
elapsing until polymer began to form. The first appearence of white
opaque polyner showed at the edge of the solution nearer the lamp.
In experiment (9) as noted above the polymer layer formed first
at the edge of the solution farther from the lamp. The opaque
white charaoter of this polymer reembled that arising from M1A
monomer, rather than the transparent product from A-S.o

Discussin of Data from Table V: There was no significant differ-
ence between the induction periods of samples photocatalyzed by
uraxl acrylate from UO0-aorylio aqid as compared with those photo-
oatalysed by uravyl aclate from warTl nitrate and sodium acryl-
ate. Moreover, no difference was observed in the behavior of aclylate
derived from distilled acrylic acid (inhibitor-free) and oammercial
acrylic said (containing p-othoxyphsnol as inhibitor). The shortest
Induction periods were observed when urarWl concentration was
highest. A carboxylic acid derived from aorylamide () was loss
soluble than acrylic acid snd dissolved less uranium tri•oideo
The presence of methylens blue (k), (1) had no appreciable
effect on the induction period. Excess acrylic acid or acrylate
ion (a), (n) did not materially affect the induction period-
compar (d). Saise of solutions (a), (b), (f) an(h) have not
polymeri•ed in the absence of light during a two-month test period.
Hethacrylic acid dissolved uranium trioxide at a slower rate than
acrylic acid.

b. Coated LayMrs of Uranvi Salts

To take advantage of some of the relatively short induction periods
listed in Table V we require a carrier or binder that is compatible
with uranl salts, A hardenin reaction takes place between
uranium nitrate and PFP (1066). bhe test recipe consisted of PVF,,
3.7 go., and uraxl nitrate, 0.502 g,, brought to 12.5 ml. with
water. A remix of this formulation Wdich Included NBA, 0.5 g.,
became hardened In the same maower when the uranium salt was added,
Neither formulation could be coated. Combination of uranyl nitrate
with each of several organic acids also hardened or thickened PVP.
In recipe 0713, formic acid (1!M6), Oo.01 g. was added to 0.502 g.
uranIl nitrate, 0.5 g. MSA and 3*.7, g. PVP in 12.5 .l. solution.
Lactic acid (V8w.), Sep aq., 0.1 al. was added to the same quanti-
ties of uranyl nitrate, NU and PVP, to give #0719. Handelio acid
(I-152), 0.30o S. in recipe .,VO0, als a double qu•.tit, 0.608 g.,

( In recipe #0706, were added separately to uranl nitrate 0.02 go,
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(
NSA, 0.500 a., and IFVP, 3.73 g., the solution b•ei, brw4ght to 12.5
ml. with water. In recipe #0738, acrylic acid (1-72), 0.141 g. was
added to uranyl nitrate, MEA and PIP. All these solutions becam
hardened almost at on*e when the ingredients were mixed. There mse
no hardening observed when pu--e uranvl formate, 0.360 g., was added
to hfA, 0.500 g., and P, I 3.75 gt., In 12.5 ml. solution. I&kwie
uranl acetate, 0,424 g., added to PVP, 3.75 g., in 12.5 Al. solu.
tion poduced no hardening. In a rnmbe of other tests Utah71
nitrate was mized with the stotsaiometric equivalent of the sodium
salts of organic acids as listed in Table VI.

Table V1

knlim Solt Formula Wia~ah Fomua iUsd
#0715 Sodium formate 68 0.136 g.
#0696 Sodium acotate trihydrate 136 0.272 i.
#0720 Sodium lactate (Solution pepared from

sodium carbonate monchyd•ate,
0.124 g., and lactic acid,

a- aq., 0.19 ml.)
"#0716 Sodium mandelate (Solution prepared from

sodi arboat�nydrate,
0.124 g., and mmndelic acid
(P;-I-152), 0.3& g.)

These combinations of uranyl nitrate, 0,502 g.,and the respective
sodium salt did not harden the PVP colloid (3.75 g.) In the
presence of NBA, 0.500 g., made up to 12.5 ml. solution with water.

The effect of pH alone on PIP was checked. A 10i aqueous solution
of uranyl nitrate showed a pH of 2.1. To a PWP solution (3.75 9.
in 12.5 mi. solution) without added uranium sat there was added 6N
nitric acid (0.33 al.), which lowered the yH to 1.5, There was no
hardening action. It is the cross-linked uranyl-polyviMlpMrroli-
done omAe which appears to be p# sensitive.

A number of uran~l salt-MM coatings were prepared using PVP as
binder. In all cases, long exposures (three miutes or mare) vere
required to produce a resist after water wash. Two of the tested
formulatione are listed.

Polyvwiiqorroidone. K-30, Antara 3.75 g. 3.75 so
"liA 005 go 0.5 go( Urarl acetate (P&424) 0.424 go.
Uranrl nitrate (r?'*502) - 0.502 go
Sodium acrylates, aq.* - 5,0 al,
Water. to 12.5 all 12.5 Al.
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* Solution consists of acrylic said, comuoel grade., 0.720 g.
and sodium carbonate momahdate, 0.620 g., dissolved in 25 t4.
aqueous solution.

The forsulations were ooated on baryta paper and allowed to dry in
red light. Samples was exposed through a negative for five mimates
to the light from a 375 watt tungsten laUp at 16 ionhes. Washout
showed a faint image in each case.

Hydroxotbyl cellulose (Natrosol) was not hardened by uranyl
nitrate. It served as a carrier by means of which the accelerating
action of a few organic compound was tested. The more effective
recipes are listed in Table VMJ.

IZAL=

Natrosol, 250L 0.625 g. 0.625 g. 0.625 g.
1BA 0.500 g. 0.500 g. 0.500 g.
Uranyl nitrate A•(=502) o.5o2 g. 0.02 go. 0.502 go.
Farmio Aoid, 90 - 0.05 Al. -
Dextroe, anhdraux - - 0.5L0 g.
Ura:Wl aorylate* - - -

Sodiu awrylate, aq. - - -

Water, to 12.5 ml. 12.5 •l. 12.5 al.

Exposure requiredt 30 seconds 30 seconds 15 seconds

Natrosol, 23M 0.625 g. 0.625 g. 0.625 g•
MDA - 0.o00 .s.o500 g.
Uraawl nitrate (F#0302) 0.502 go 00502 go
Formic asid, 9g - - -

Dextrose, antdrous- -
Uray•yl aorylate - 0.412 g. -
Sodium acrylate, aq. 5.0 vt-*** . 2.o5 ml.

Water, to 12.5 ml, 12.5 ml. 12.5 ml,

Exposure required 3 minmtes 15 seconds 30 secmns

*From 0,1. 1*4 g.and arylic acid, 0.8 Al., in 5 a,. water. The
ur= l acrylate wee filtered in red Light and dried.

*Mantains acrylic acid (commercial grade). 1,44 g., and sodium
oarbonate ,mnohydrate, 1.24 g. 4n 25 •l., aqueous solutios.

***Aorylio acid (omercial rades.' 0.720 g., and sod$um oarboate
monchydrate, 0.620 g., in 25 al. aqueous solution.
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TIW foirmlations wer, oeated and tested in the same mrs sm tlmo
described -in TAUS V314I -- me ai s tamblated Im. t*
soft oamrtfll etS.. bp dextos (acin). 1te MvAa ur.71t.
aLso rtms an efftee.ve rx e lp (73).

Carlro aorylae solution behaves in soame respect@ like uraIl aca7te
wtrn exposed to light. A solution wes pepared in red light as
followsi

Carlc smniu nitrate (YWuYI.) 1.096 go
Acrylic acld (r.*7) (8K Wh~t. Label) 0.376 go
"Tater , to 10 m,,

Eaare of 1.0 al. of solution to a 1000 watt tungsten lmap at

23 on. prodaced an opaque polpmer In me u.aite fle oeonda.

A oontrol solution consisted of

Carlao ammlim nitra• . 1.096 g.
MA, 4 g. per 100 ale. aq 10 ale

bposure of 1.0 al. of the oontrol solution for a peliod of ton
minates (mm light sourue) showed no reaction.

The stored oeril aorylate aolution described above showed the
deposit of a iddte preoipitate after severl hou.rs The nature
of this materal is not known. Dilute nitric ascd dissolved am
of ths uterial with the formation of a yellow solution. Thi
sUeats that earlo oxide. e02 * form pert of the deposit, Polymer
was absent so far as oould be determIned.

Another test solution contained

Carlo amoudam nitrate 1.096 S.
MthYa•o ao od w(P1,86) 0.688 g.

Water, to 10 ml.

Ths solution produced a volmanous *ite precipitate •.le stared
in red light for a fw wmintes. Cvidatlon of the organie ompumnd
Is probably told Plepasee

Carlo oxds, O002, did not dissolve in aa7*o aod. Care aurylate
as a oonseqme coould not be prepared tram the aodd as ms w.M1
acrylate trin 1103.

Addition of a solution of oe oar nium nitrate to a soluti at
SodIum aGiylate osuXSd Precipitation of ear Oxide at teis pE.
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It was found possible to prepare a coating of ceric aarylate as
follows I

FPy 3.75 go
13.A 0.5 g .
Acrylic acid (FT=72) (,W Tihte Label) 1.44 ml.
Ceric amoium nitrate (FW548) 0.548 g.
'-later, to 12.5 Ml.

The solution was coated in red light on baryta paper and allowed to
dry. 4%poeure of a sample through a negative for five seconds to the
usual light source, followed by washout, shlowed a resist image.
The coating has been stable in the dark for over six weeks.

3. Formation of gClored Ima-es in Order to Linminate Inoorporation of DOes

a, Colored Imazes Reaultina from Dye-Radical Interaction

As a continuation of the work described in Section D.2.a. of Final
Report, November 15, 1962a. Fsebruary 14, 1963, we prepared the
leuco baso of "thiophene green" (also called "thiophene malachite
green")Tg). M.e objective of this research was the formation of a
colored image durin5 exposure of a light-sensitive ferric salt.

Z=nc chloride (10 j.) was fused in a porcelain evaporating dish,
cooled and powdered. It was then added to a mixture of 25 g, di-
methylaniline and 10 g. tUdphene-2-aldehyde. The mixture was heated
on the steam bath with frequent stirring for four hours. Water was
then added, liquefyinC the viscous mass, and the hot liquid was
poured into r 500 ml. round-bottoa three-necked flask. Steam dis-
tillation was carried out until droplets of oil no longer came over.
The suspension in the flask was oooled and the water removed by
decantation as much as possible. The solid was now dissolved in
hot ethanol and the solution filtered hot, removing a green residue.
The alcoholic solution was kept under refrigeration overnight. Mle
product was a gray-green solid. Seven grams wore obtained from the
first crystallisation and an additional gram from the mother liquor
after it had stood another day. A samplA reorystali4zed from hexane
melted at 940.-950 C. (lit. 920-930 C.)o6).

D+ H20
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Samples of this leuoo base were tested in coated layers follows

Polyvinylpyrrolidone
r.30 7,. go 7.3 g. 7.5 go 7.5 go 7.5 6.

Bensilic acid,
reorystallized - 0.228 g. - - 0.228 g.•

Oxalic acid - - 0.090 g. - -
Leuoo base of thiopihne

malahite green
(F1-N21) 0.04 go 0.054 go. 0.0o3 g. 0.0-4 go 0.054 g.

Hydrochloric acid,
114 0.50 ni. 0.50 i1. 0.30 ml. 0.50 oi. 0.50 Al.

Ferric ammonium
sulfate dodeca-
bydrate - 0.013 g. 0.013 go. 0.430 . 0.030 9.

water, to 23 ml. 25 li. 25 ml.2 23 =.. 25 l e.

Color, unexposed
coating .1hit* Faint Light Dark green Faint

green tint green green tint

Three-minute
exposure No image Green Green No imp Green

print-out print-out visible print-out

(R•ecipes coated and teated in the same manner as those In Table VIII.)

Discuasion of Table IX Data: The resistance to air and light of
leuoo thi green hydrochloride has boen noted by Armstrong
and 0Grant 7 ). * erric ion not coaplexed with an organic acid
oxidised the leuco dye to its colored form in the dark (M079).
Ferric ion in combination with excess oxalio acid (1t32 mo
ratio) effected a gradual oxidation of the leuoo dye in the dark
as the coating aged (f0678). The bensilate coatings (#067 and

MW68o) required appro•imately the same exposure, AM=& the
iron conoentrations varied* The color of the unexposed coating
was not whte as in the oas of ,06749. However, there was no per-
oeptible increase in oolor density of the unmeposed coating during
a ten.day period. The fact that the leuco thlope green in oem.
bination with fern. benallate does not become oxidimed to the
colored form in the absemnm of light is an esowaging featore of
the system. The rate of print-out in light is omparatively selw.

b. Photoformation of Pera~dd with Lmmno Cmtal Violet

These tests represent a continuation of work described in Seotion
D.2.a. of Final Report, i4ovember 15. 1962 - Febuawy 14i, 1963. bme
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objeot was to determine whether a per compound ws formed in appre-
ciable conoentration when certain leuoo dyes are ozidlsed by light.
The formation of a per compound in proportion to light exposure
would in the presence of ferrous ion and umnomer produce a polymerio
Image during irradiation,

The photo-oxidation of certain leuco dyes (e.g., loeuo crystal
violet hydrochloride) to the colored dye form is known to take
place in the asnoe of other photooata2vyts (such as ferris.
salt). Gos•8 believed that peroxides were formed in traces
when the leuco dye was photo-o3.diaed.

Polyvinylpyrrolidone 3.75 g. 3,75 g. 3.75 s. 3.75 go
ifA - 0.5 g. 0.5 g. 0.5 g.
Leuco base of crMetal

violet* recrystal-
lised from hexane 0.047 g. 0.047 g. 0.047 g. 0.047 g.

Hydrochloric acid, IN 0.38 ml. 0.38 ml. 0.38 ml. 0.38 A.L
Ferrous ammonium sul-

fate (FIR392) - - 0.049 g. 0.025 g.
water, to 12.5 ml. 12.5 ml. 12.5 rl. 12.5 ml.

*Pf,1374

Solutions were coated in red light and allowed to dry. Samples of
all four recipes were exposed to the light from a 375 watt reflector
lmp at 16 inches for a period of three minutes. Blue print-out was
evident in all oases. Washout with water (4&-500 C.) showed a
resist image in two samples (10690, ;7704). The other washed
samples showed dye in the exposed areas but no relief Image.

The results are interpreted as indicative of some polymer formation
during exposure of the samples containing ferous ion. The nature
of the photoformed per compound is not known.

as Photoformation of Ferric Acetvlacetonate

'the chelate ferric acetylacetenate has a red color. '1e have
earlier proposed that acetylaeetone be photoformed in a coated
layer. This could in theory be effected by the photodeocmposition
of the ferric salt of 1,3 dihydroxy 1,3 dimethylglutaric acid.

(



22 -

o cu3  CH3 O

ij o- -C - C - C -- 0 -- H + 4F.Cl3
H

O 0
11 H 11

CH-3--C -0 C---01 3 + 4FOC12 + 4H&Cl + 2CO2
H

Although ferrous ion is formed which does not form a colored com-
plex with acetylacetone, we believe that aerial oxidation of
ferrous to ferrai would take place within a short time after
exposure*

The desired aoid-1,3 dihydroxy 1,3 d thyl glutaric acid--was
synthesized by the method of Zelinskyt. 2,4 Pentanedione, 20 go,
was added dropwise rith stirring to a solution of potassium cyanide,
26 go, In 20 ml. of water. The temporature was not allowed to
exoeed 150 C. A precipitate of potassium salt formed. This salt
was redissolved by the dropwise addition of 40 ml. water, with
stirring and cooling ( 150 C.). Next concentrated hydrochloric
acid, 17 ml., was added with cooling C 150 C.), thereby procipi-
tating the biscyanhydrin. 1his material was filtered, washed with
cold water until white, and dried on a suction funnel. Helting
point was 134-136o C. It was not recrystallized. The yield is
practioally quantitative.

0 0 OH CH

CHj- C-%4-- C--Ml3 + 11CN .-.-.. CHj- C -CH2--C -Qýj

CN
The bisoyanhydrin was now converted to the 'laotonic acid" as
follow. Concentrated hydrochlori• acid, 17 al., was added to
the dry bisay- drin in an evaporating dish under the hood.
The solution evolved heat; it was allowed to cool and stand
overnight. Later It was -vaporated to dryness on the stem
bath, and extraoted with ether. Extraction with seven 300 al.
portions of dry ether yielded 7.2 grams lactonic acid after
evaporation of the ether in vsauo, Melting point of the product
was 192-193 C. It was not recrystallised.

OR OH CH cc

( CNC--O I
BisayarJidrin 0

Lactonie acid
+ 2WH4Cl



.23

The lacto•nl aold, also termed the mmnolactone, was am distilled
at atmospheric pressurs, using a Wood's metal bath for heating.
At a stillhead temperatwe of 2350-260 0., the dilaotons oolleoted
in the deamesr. The proldt as wa&sd with 0ol4 water an a
Buchner tumwnl to remove trces of a yellow oil. It had a wml•t
point of 1030.1040, C. 1.? g. dilaotons were obtained.

GI 00cM 0-C-00
I H I I H ICH3 - 0--0- 0--C.: .-... C2,3--O--C- -CH3

0 0

Laotonic acid XIlaMtn

The dlacItAon (1.7 g.) was boiled tbree hours (renu oondenser)
with potassiuu bhdroocide solution (1.3 go. OII in 50 al. water).
It was then cooled and neatralised with 4 L. sulftric aold, 0.
,•xtraotiLon of the solution with one liter of other In 100 1..
portions yielded 0.8• g, of the.id, a.p. 1O7o-1100.Zelinsky reported lO3P-1O•040 ll.

0- - C-0 HO 000K
I I1

C -- COOK
t

The acid was included in the following ooatinzgs

Natrosol 25CL 0.312 g• 0.312 go

MA0.912 go 0.125 go
Ferric ammonim sulfate dodecahydrate 0.361 g. 0.723g.

(0.75 M) (1.5-
1.3 DiNftvw 1,3 dimth1l glutario

acid M(N- 192) 0.072go 0o072• .
(0.375 m)

Amdim hdradds, 10 0.75 al. 0.75 Nl.
Water, to 6.25 al. 6.25 wi.

The soltions wwr coated on baryta paper in red light as usua,
Test samples were exposed 10 soonds to the ual light swmee,
nisrsed In hydrogen peroxide, ,wd washed out. A resist
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remained in eah case. Several exposed stripe wee stored in
the dark raoo and In a 50 oven, but did not develop the desired
color within several days.

Due to the tendency of the acid to lactonize at rom temperature
as reported by Zelinsky, there in a consequent loss of light
sensitivity of the ferric salt. The formation of a single lectons
ring means that the compound in no longer an alpha hydr•gQyaid.
The fact that our test strips gave images with 10 seconds' eposur
indioates that we had considerable free acid in the cos"ti. In
making additional coatings, we plan to Increase the concentration
of the acid. This should have the double effect of increasing coat-
ing speed and of producing more aoetylacetone (pentanediono) after
exposure.

d. Colored iwolmra trM Colorless azonmea

N.NO.k thvonebiDe.rivatives

One approach to the development of a dry processable photograpico
system baced on photopolymrization is predicated on the formation
of color as a consequence of polymerization. As outlined In the
previous ;uarterly Report (Section D-6) the preparation and
evaluation of vinyl monomers having a color forming molety present
in the molecule was undertaken as an initial step in this general
approach to dry prooessing. ;%t that time, the synthesis and
evaluation in the iron-pwoxide photopolymorization system of
several acrylamide and methaorylamide derived color former
monomers were reported. These, and related examples described in
the patent literature, are all obtained by anrylation or methaoryla.
tion of amino substituted color coupler nucloi of the type widely
employed in conventional photograpy. None of the monomers was of
the divinyl or cross-linking type. NN'-othylenebisacrylamide, a
divIxyl cross-linking type of monomer, has proven to be superior
to acrylamide in a number of photopolymerisation systems developed
in the Ansoo Laboratories in that its use genwally leads to better
shelf stability (resistance to autopolyawrization) and better
insolubility of the photoresist image at lower monomer concetra-
tions. In hope of conferring these desirable properties to oo]
former monomers, the preparation of N,N.-methyloenbisaozyleadde
derivatives of color formr molecules weas attmpted. 1M followAig
reaction utilized In the ooinrcial preperatiop. O NINO'.eeth 01.e -
bisaorylamide from arylUamde and fonmaoSuyd••e J was ohosem as
the basic reaction for the synthes•s, 0

R-MIO + M 2 'CRCGEQ2 M4(H=noI)2 -- =R
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I'-en R a bensoylaoetani1ide, pyrasocwAe or phenolic nucleus
oidative coupling with a p-mino-N,N-dtalkylan.Une color
developer leads to a yellos, magenta or oyan dye, respeotively.

The synthesis of a oyan dye forming monomer in which the R of the
above equation is equal to a 2-hydroxyphenyl group was accomplished
by the following procedures

N.N'-(2.-vdrozvbenzvlidMni)-3iAarvlaude. A solution of acryl-
amide (28.4 g., mole and sAojrlAlode'h, (24.2 g., 0.2 male)
in 60 A1. of ethylene dichloride containing 2 ml. of concentrated
bydrochlorio acid was stirred at ambient temperature under nitrogen
for 13 hours. The reaction mixture was then refluxed for one hour,
chilled in an ice bath and filtered. The crude produot was then
washed suooesuively with water and other to remove unreacted start-
ing material and reorystalltmed from methanol. Five gams (10,,)
of a colorless solid, m.p. 2170, were obtained.

Analysis: Calculated for C13H 9N203 s C, 63.40; 3, 5.73; N, 11.37.
Founds C, 63.13, 63.251 11, 5.54, 5.721

N, 11.66,11.27.

Infrared analysis was also consistent with the proposed structure.

The follaoing formulations were coated on paper base for trial of
the nes oolor former monomer in the iron-peroxide photopolynerisa-
tion syntem.

Gelatin, Atl. 10299, 10o% 30 ml. 30 11L.
Sthaaa, 931 30 Al. 30 A.L
Ferric amonium citrate, bron, 361, 2 ml, 2 al.
N ,N'-(o-Hydrwebhen•Alide)-bisa•ylaride 0.30 g. -

(2 mole)
N,N'-i.*- ylenebisacrylamide - 0.31 g.

(2 mole)
Saponine, 84 0.5 mi. 0.5 al.

App.oimate minimm exposures were determined by trial asnd error
exposures using a 375 watt photoflood at 15 incaes a* the light
source and aooessing i 1,' hydrogen peroaxde pior to washout with
warm water. Both 1f-A and 177-. wen estimated to have the same
maiium exposure of 15 soeids for tomation of a ibotcreeist.

When ooating 177-A was processed In the following sequen -
(1) 1;ý H2 0 (2) wash, 13)4 2 4alo3ety---A4doeap
aniline, (15e, auom=* permlfate-sodlm carbonate - a deeop blue
photoresist ima was obtained. As snal with paper base coatings
subjeoted to olor develoyment, considerable bookgwun stain wvs
evident*
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The polymerio indoaniline cyan dye presumed to be formed in the
photoresist is of the following structure.

COMI -- Ch -IMCO

ýCZH
5

Having thus demonstrated the feasibility of this type of color
former monomer, the synthesis of a benzoylacetanilids (yellow)
and a 5-pyrazolone (magenta) substituted methylenebisaorylamide
was undertaken. A cursory search of the color former intermedi-
ates available in the Ansoo Laboratories and of the related litera-
ture failed to turn up any forml1 substituted bensoylaoetanilid
or 5-pyrazolone intermediates for condensation with acrylawAde as
indicated in the general equation above. Accordingly, the syn-
thesis of 4-formylbenfolacetanilide was undertaken. The conven-
tional synthesis of the bensoylaceotanilide structure entails the
condensation of ethyl bensoylaoetate with an anline derivative.

0 0°-.° + + ,

.)C-%- ----H -+.-,.

However, the straightforward preparation of 4-foomylbensoyl-
acetanilids by condensation of ethyl bensoylaoetate with 4-amino-
benaaldehyde is precluded by the lack of stability of 4-amino-
benuuldehyde due to its rapid intermolecular polyoondmnsation
to a resinous Schiff base. It, therefore, becomes oeessa-ry to
block the aldoebde function with a group that oenventiently em be
removed after the aeetanilide condensation. For this pupose
the cyclic acetal (1,3 dioxolane) resulting from the reaetion
of othyleneglyool with the aldeshde was prepared, 2-(4•.ktro-
phenyl)-1.,-dixolane was prepared by the method of Hibbert
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a sturrock(11) aWd oatalytocally hydrogenated to 2-.(-amino..
Phaeyl)-10.-di.czolane using a platinum catalyst in ethanol. M
audne 'as then condensed with ethyl bensoylaoetate in retlwdAng
xylene. 2-(4I-mBsoylaoetan•rii )-l.3-dioxolaew was obtained
after rearystallization from ethanol.a a yellow crystalline
solid, amp* 1240-125o, Hydrolysis of this comoxund lnder the
conventional oonditions for the hydrolysis of the 1t,-dioxolanes
to the corresponding alAshyde (reflux with hydrochloric aoid in
aqueous ethanol) gave a resinoua orange solid which melted over a
wide range and could not be further puriaied, A fuchsin aldehyde
test was negative, and infra-red analysis failed to indicate the
presence of formyl hydrogen In the molecule.

This approach was abandoned at this point and the Stephen reduo-
tion of 4-cyanobensoylacetanilide was attempted as indicated in
the following equation:

0 0
Hl~\ " 2- 2. H20o I

0 0

14-yanobenuoylaoetanilids was readily obtained by condensation of
4-aminonsunitr.le with ethyl bentylacetate in refluxng xylu•a.
The redfetion v'as oarried out accordimg to the procedure of
Stephen( 12)and appeared to go smoothly to the formation of the
iA-ne stannio chiloride complex. Hydrolysis of the complex malt
with boiling water In a nitrogen atmosphere gave an orange solid
which rapidly hardened to an intractable resin on kesping ove-
night in a vacuum desiccator.

Finally, an attempt was made to block the fornyl group as the
oxime which, as in the case of the cyclic aoetal, should be
capable of hydrolysis to the free aldehyde after the ace tanUii
condensation. p-Nt.pMnualdoxime was prepared by the method of
Gabriel and Herrberg ./ and reduced to p-aminobensaldoxime with
amonum polyoulfide. The amine was then ondensed with ethyl
benspylagetate in refluxing zylene yielding a light yellow solid,
m.p. 170u-172o, presumed to be 4-oximiLnobensoylacetanilide.

Ni2  O00%CO2C2H5

0 0\/C'I

I
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A negative diazotization t et and the fomation of a yellow dye on
color devlopment with l .no--etyl..(,h azyetbi) aniline
corroborate the proposed struoture•t r&lysis of this product by
the sulfurous acid method of Oluud 14' yielded a gum reaction
product from w1ich a pale yellow solid ws isolated by extraction
with hot ethanol. After two roorystallisations from aqueous ethanol
a colorless solid melting at 1250-1260 was ob*ined that gave a
poeitive fauhein aldeftdeo teat.

hALIyAIa Caloulated for Cj6H13H03 C, 71.811 H, 5.24
Found: (4192-35) C. 71.82. 71.90t H, 5.15, 5.03

Inasmuch as this product (4192-35) appeared to be an aldebpd and
its elemental analysis is in agrement with that of 4-.foraylbenzoyl-
aoetantilide, the soad oatalyzed condensation with sorylamide was
attempted as followes A solution of 1 -fmorlbensoylaoetanilid
(4192-35) (0.1 6., 0.37 mool) and acrylamide (0.1 s,, 1A owls) In
3 l, of ethylene dcohloride oont&anin one drop of concentrated
kbvdroohlorio acid was allowed to stand overnight and theu refluxed
for one hour. The pale yellow reaction product that separated on
cooling was extracted with water and ether and dried in vacuo;

*.p. 2350•.2410. Tial color ooupling tests with L-ethyll-N-v-
hydraoethyl)-anilins in the presence of potassLim persulfats
failed to give a yellow dye. Tbis failure to color develop and the
extreme Insolubility of the compound (dimsthylformamide was the
only satisfactory solvent found) make It appear unlikely tat the
product obtained Is the desired N.1'-(4-bensoylaoetadidobensylidmme)
bisacrylaoide. lis conclusion is dependent upon the outcome of the
elemental and infrared analyses currently on request.

e. Colord Polme= from Mmi-D.ffun Colo Coun---

Color coupler molecules substituted with alkali solubilizing groupe
and with a long chain bydrocarbon residue to render tb non-diffusing
have been found to be effectively trapped by the poolmer matrix of a
photoresist formed by the iron-peraide catalysed polymwitation of

K #N'-mothylenebisaorylamide. This eliminates the necessity of
using a polymerisable color ooupUm to render the photoresist color
developable after washout. In addition, coating formalation is
simplified In that such color couplers are readily soluble as their
alkali metal salts and also by making it possible to use the readily
available ,1Mt-msthylenebisaorylaude as the monomer.

Initial trial coatings containing the non-diffusing color oouplers
of the benoylaeostanilids (yellow), pyrazolone (magenta), and pbanoulo
(cyan) classes suffered from a lack of adhesion when ooated an subbed
Plestar. This condition was corrected by coating the oolor couple.
containing formulation owen a thin photopolymeri•able subbing layer
prepared according to the following formulations
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GelatiK.At1. 10299. 15-p 25 al.
65 ml.

10 1eithylerebisacryluaidde 0.i g.
Ferrio AimmmW= Citrate, 36;, Brown 10 Ml*

Coatings have been prepared containing a mlztore of yellow, oyan,
and maginta oolor coupl•rs that yield a black resist on color
developont. The os'iot ratio of the three color couplers needed
to produce a neutral rey was determined by trial and error. no
following formulation gave a black Ima on color developmnt which
had a maxima density of 1.3 when coated on Plestar base subbed
with the photopolymerisable undercoat described above.

Gelatin, Atl. 10299, 1i5 25 ml.
H20 65 N.i

,ON 'Iebtylenebisacrylamids 0.J go
Ferric Ammonium Citrate, 36%, Brown 10 M.I
Saponine. W, 2 ale
A-617. magenta o.f. 0.2 go.
A-607, Gyan o.f. 0.2 go.
A-.623, yellow o.f. 0.3 go

The 'olor formers were solubiLised with 6N MaM and the final pH
adjusted to 6.5 with citric acid prior to coating.

Color development was found to be best accomplished by bathing the
freshly washed coating in a 2-31 aqueous solution of 4-amino-N-
ethyl-N-(c3-hydrmcyethyl)anilIne followed by laiersion In a 2%
solution'of ammonium persulfate containing 2 g. of sodi•m carbonate
per 100 Al.

A further simplification of this system was achieved by the direct
Incorporation of color developer in the photopol2yaisable coating.
thus eliminating one of the processing solutions. No loss in speed
was noted as a result of the p-pheblwnndiamine derivative in the
coating. A second processing solution can be eliminated by cobin-
ing the peroxide and persulfats bethal however, the stability of the
mixed bath is Limited to approximately 15 miutes due to exhaustion
of the hydrogen peroxide by interaction with persulfate,

Costimg containing the proper balance of yelow, oymn, and magenta
couplers y1eld bac resist Images of good optical density by this
proedum. %hus the following coating forwalation gavei after
1ooessing In bdogen peroxid and alkaline potassiu perslfate.
a black resist which had a maxinm density of 5,
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Oelatin, Atl. 10299, 15, 25 Ml.
H 065 mi.
MA 0.4 go

Ferric Amotdv Citrate. 36,;,Rrow. 10 ml.
A-607, eyan eof. 1 g.
A-617p magenta o.f, 1 g,
A-620. yellow o.t. 1 g.
I-Amino..N.-tyl..N-0 -hydwcythyjL)

anilinoei8O%1  3 c.

Sufficlent 6N aM added to solubili• s the color
fornMrso Final PH at Coating, 7.0.

The sel lif, of snob coatings has been found to be l.tdted, a
serious loss in color density occurring within three-five das.
Some of the original donsity can be restored by additiona color
development suggusting that depletion of the color developer takes
place on storae. The roeat sensitivity of developmrs of the p.
•ealenediamdine class to oxidative degadation is well known, and
the indicated depletion in devoloper activity can be logioally
attributed to oxidation. British Patent No. 783,%8? assigned to
the Omaert Photo-Prodeoten N.V. describes a class of eclr
developers based on the p-dialkyladncphenylglyoine structure
which have tspreved resistance to oxidation and are elaimsi to be
particularly suitable for incorporation in conventional photogpha e
coatings. Accordingly, it was of interest to test this type of
color develover in the photopolramesable system In hope of Ino.dia-
ing the shelf stability.

For this purpose, 4-diethylamin-('.-oarbo-n-heptadeoyl) aniLins
dihydrochloride was pepared via the following sequenee dascribed
in the above mentioned patent. This particular howmlo was selected
in hope that the non-diffusability conferred an the molecule by the
heptadeeyl chain would misd•ise the loss of developer de to leach
out In the hydrogen poerade processing bath.

1r (2z) --c) 15'0 3r~~T + C83(CU) 15-0N --o0 2C2 , NOW~4
N(c2M5 )t N (C235 )2

AIiJ(H)1M
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The oc • tbroctylstoMte used wae prepared by th meto of BlU
and Sadwskyk-• 9). The product Me obtaind as a light tons "W
solid, m.pe 10K•o-.l0*. Reaction with the color foamers used in
the oating in the presence of alkaline pervulfate gave the cor..s-
ponding dye* very slowly. Even in solution maximm dye dosity wme
not obtained for periods up to ae hour. Obviouly the extwmes3y
slow rate of ocupling displayed ty this developer mime it umattrae-
tive for use in the photopolpwination mystaem. n order to deter-
ain eif the slow rate of color 6mIepemnt observed to more a conse-
quenoe of the sie of the leaving pvap (the Ab--etWdeool aAn
is split off In the process of color ooupling) than of the inhrent
activation enerw of the cleavage process, the smaller -diettbwr-
amino-N-carboxymetylanitUme we synthesised. Solution experients
show this developer to color couple at a somewhat faster rate then
the heptadecyl derivative but at a considerably slower rate than the
4-sino-N-ethyI-N-(d -hydromyetIVl)-anilln used initially. Coatin
trials were made by substituting 4-dietthylamino-N' -oarboxmetI~l-
aniline for J&.amino-4Lethy3L..-4-hydrWiyethyl)..aniline In coating
formulation 4155-179 given above. After exposure and color develop.
sent. the photoresist acquired a light green color on prolonged
immersion in an alkaline persulfate solution. It wa concluded
that the rate of oxidation and therefore of color coupling of this
type of color developer is too slow to make it practical In this
system. Undoubtedly it is this sawe reaistano to oxidation that
gives this type of developer its outstanding stability.

4. New Photopolbmerization Swaten with Increased SUmWitivibr

a. Photon sation Based on Antoxidation

As previously outlined in the Final Report for 15 November 1962 -

14 February 1963 under the sano heading, Photo.eniti•sed autoxidation
can, in theory, lead to a peroxide latent Image which can subse-
quently be activated by either light, beat, or a redu.ing aget to
yield radicals capable of initiating polymerization. Mhe soheim
is the reverse of the iron-peroxide sstem with the important differ-
enoe that, while the quantum yield for the photoreduotion of Fe(III)
to Fo(I) cannot exceed one, the chain reaction nature of photo-
sensitized autoxidation makes large quantum yields possiblo. Yost
probably, the key to developing a practical photopolymerisation
system based on photos.. qitised autoxidation lies in finding a
suitable substrate. In this regard it was of interest when, in
the oourse of the sy-thesis of 4-far•ylbeneclaootanilid•, the 1.3-
dioxolanes prepared as intermediates appeared to exbibit sensitivity
to oxygen and light in muoh the sam manner as the aromatic hydrasmes
previously found to be useful autodiation substrates. A check of



the literature revealed the work of Riecho et al(15), in which the
ultraviolet sensitized autoxidation of 2-phonyl-1231a.oolen to
yield a hydropes Abd Is reported. Ae is wel known, bensylic
hydrogen and hydrogen alpha to ether aog= are par:ticularly
susooptible to autaxidation. It is therefore not surprsing that
the benoylio hydrogen in the 1,3-diaxolave its exceedingly reactive
in this respect since it is located in a bensyl position ad is also
alpha to twoo etber-like cnn at=m.

"- '\=Zz/ \.?•./ -

A savqile of 2-pheril..10,-dio-olane was prepared as followss
2- 1-1"-Rg,,1a, A solution of freshly disatilled bensal-
dehyde (21.2 &., 0.2 maol) and ethylene glycol (12.4 g., 0.2 imole)
in 50 Al. of dry x3ylen containing 4 drops of concentrated sulfuric
acid was distilled slowly until the distillate temperature asm to
1600. dhe distilland was than washed vith dilute NAHC0 3 water and
dried ov Drierite. Fractionation in vacua !ave 37 g. N75) o0
2-phenyl-1,3-dfocolane as a colorless oil, b.p. 700 (1 mm.), ND
1.5270.

"Nhen a solution containing several drops of 2-pheanyl-1,3.-dioxolane
in 2 ml. of benzene wNas saturated with oxygen and irradiated for two
minutes with ultraviolet light, suffioient hydroperxide was generated
to initiate ipoedimate polymerization when a few drops of the autad-
di•sed solution war added to a few al. of A.-3 solution containing a
trace of ferrous ion.

The following trial coatings were prepared.

PiP masterbatoh- 50 mi. 50 mi. 50 al.
2-Phenyl-1,3-Dioxolano 1 ml 1 Ml. -
1ý Rose Bangal jul luM*il.

"060 g. PYP, 210 al. ethanol, 90 Al. water, 8 go NO,'-nmthyleno.
bisaarylamide, 6 al. dimethylyhthalte, 2 Al. 1;0, Ietait.

The formulations were coated on baryta paper. Coating 4192-49
gave a photoresist after 30-second expom to the usual light
saumo and immersion in 1% aqueous ferrous ammonium sulfate,
,Aposed areas not treated with the ferrous solution failed to
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rotain a resist at this .Iposuwe level. Coating l•.•&15-IC contain-
In# no rose banial failed to produe a resist after a two-4m te
exposure. Coating J4155-184 containing only rose bena Savo a
vey tfaint resist arte a tesi-wiute qxosUre. Post-exposure
prooe.ssing of this eoating appeared to enhance the resist qualitr
slightly*

Furth experimentation directed at determining the effect of
oonoentratioa and structure of the 1,.3-ftdixlane on this system
as enll as other pbotosensitizers to currently In pogress,

b. Edwm' AsRactionimA unaPoon a.' swta

The iihotolnitiated reaction o at o~ chloride with potassiam
oxolate -ame first desroibed by •-M and has the following
ototobiametry,

1202034+ 2Ag012  hX a. Hg2012  + 2101 + 2002

The ,.-,,ng charactstios of the reaction have been demon-
str0atel0,"JT (1) Reaction proceeds via a chain mechanism and with
a larger than unit quantim yield. (2) No rzaUot1+ occurs in the
dark in the absence of photo- or chemical initiation. (3) The
reaction exhibits a strong sensitivity to inhibition and oatalysis-
certain dyes such as ec•in act as photosensitisers and oxgen acts
as a strong inhibitor.

Consideration of the above reaction characteristics suggests a free
radical mechanism and therefore the aystem was tested for photow.
Initiator properties. It was found that, when mercuric chloride
and potassiua ozalate are added to A-5 solution and exposed to
ultraviolet radiation, no polymerization resulted. Howevr, when
the solution was purged with nitrogen before exposure, polymezisa-
tion was initiated on short eapoeure. Osating trials were form-
lated as follows and coated on baryta paper.

Gelatin, Mtl. 10299, 15% 25 ml.e 25 al. 25 il.
H901s, 0,21 10 al. 1 ml, 20 ale
LZC_2Oa4'1i2O# 1M 1.1 MI*. Igl1.al

3 Va.. 3 al. 3 al,
15.1ll 24 mi. 5M.1

VIga 1 mi, tail



None of the above coatings gave any Indication of photoreust
formation after exposure to a UV. source (one 15 watt eormicidal
lamp at a distance of trzee inches) for five minutes.

The sensitivity of gder' reaction to the blue region of the speo-
trum, where neither mercuric chl e nor potassium oxalate absorb,
has been attributed by Cartled •e•? to the !wesenoe of imparitiiese-
notably iron. 'Ahen ferric ammonium Oxalte was added to a solution
of mercuric chloride and potassium oxalate in A-5, polymerisation
could be photoinitiated even without prior removal of oxygen from
the solution. Coatings (41i5-181) were prepared similar to the
4192-29 formulation with the addition of 1 ml. of 30o ferric ammonium
oxalate. Proloned exposures of these coatings produced no photo-
resist unless the exposed coatings were bathed in dilute hydrogen
peroxide prior to washout.

5. s Obseramtion

.j. ~Ph •-w atnlm sation Sstem

As suggested in the Final Report for 15 November 1962 - 14 FebrP9r
1963 under the heading of Suggested Purther fork (Section F-8-(f)I
a pro!iram has been initiated to quantitatively evaluate the Iron-
peroxide photopolymerization system for the purpose of estimating
how much additional speed can be realized from the system by further
optimization. The Initial work has had as an objective the deter-
mination of the percent conversion of monomer to polymer necessary
in the N,.-methylenebisaorylamide-goelatin system to achieve
insolubilisation after photoinitiation by the iron-peroide system.
This data is expected to yield insight into the efficlency of P.N1-
methylenebisacrylamide (WA) in the process and thus into the
margin of impovement that could be accrued by the use of a more
ideal monomer. ,

The analytical estimation of the decrease in monomer concentration
tlat accompanies photonolymerization in a thin coated layer presents
several problems. The conventional technique of monoer determina-
tion based on iodometrio measurement of the amount of bromine con-
sumed by addition to the unsaturstion of the monomer is Impractical
due to the nonstoichiometric consumption of bromine by the gelatin
binder. Tinal and error experimentation with coating formulations
containing gelatin, MA and ferric ammoium citrate Indicated that,
when su•h formulations are coated on a nonabsovbing base such as
Plestar, the minimum gel/)A ratio necessary to prevent orystalli-
sation of the kBA in the dried layer is about 8t3, Somwhat lower
ratios can be coated on an absorbent substrate such as paper without
crystallization, presamably due to imbibition of monomer by the base.
Comparison of the infrared spectra of gelatin, )MA and po.y-M



(propared by Fe(II)-H202 initiated polymerization of a 4% aqueous
solution of iEA) revealed that iA. has several well defined absorp-
tion bands in the 10-13p region, an area whioh is transparent in
the p*oy-!BA and iplatin spectra. It is therefore theoretically
feasible to determine the monomer content of a platin foil 1W
quantitative Infrared speotrosooW. Aoor-ingly, a 6re2os of
gelatin foils were prepared containing varied amounts of 13A and
their infrared spectra recorded for the purpose of obtaining*
oalibration plot of optical density versus 1'ik concentration.,
However, it wsa found that, even at the maxima gel/hUA ratio, at
least five foil thicknesses (-'353P) were required to give a
measurable SEA absorption before polymerization. Furthermore,
when the infrared pectrum of several foil layers was reoorded,
absorption due to interference phenomena associated with the
surface of the foils becomes so intense that quantitative results
based on absorption in the region of interest become unintelligible.

At this point, the spectrophotometrio method was abandoned in favor
of gravinetric estimation of the poly-43A formed in the Ohtopolymari-
tation. This value conbined with a knowledge of the amount of i3A
present before polymerization readily gives the percent oonvearson
of monomer to polvmer. The following determination based an the
insolubility of the highly orosslinked poly-MA was developed:
Small 'puddle" coatings were prepared by placing a wfighed amount
of coating formulation on unsubbed Plestar base weih had been
protreated with a 11 solution of saponine. Conditioning of the bae
with a wetting agent va's necessary to faoilitate the flow of the
coating solution into round, reasonably uniform coatings. A mbaer
of such tuddle" ooativn~ were prepared froa a coating solutan con-
taming 9.7 mg. iA/g. coating solution. When using 1.5-2.0 g. of
coating solution, coatings measuring -8 one. In diameter and 30-40p
thick obtained. ".fter exposure and processing in 1i hydrogen
peroxide, the polymerized layer could be easily and quantitatively
stripped from the base and transferred to a beaker as a consequence
of the lack of adhesion of the polymerized coating to the unsbbed
Fleatr base. Thus it was possible to prepare a small ooat coan-
taining a precisely known weight of 12A and to quantitativey strip
it from the base after exposure and processing. The stripped coating
was then ensymatieally degraded with Takamine and the inoluble poly.
LBA collected on a sinterd glass Oeoch crucible, dried in vaeuo,
and weighed. Citric acid was added during the digestion period to
insure solubllsation of any tanned gelatin f amed by free ferri
ion resulting from oxidation of iphotoformed ferrous ion by hydrogen
peroide. The following table msmarises the results obtained via
this procedure.
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Photoaonversiof of 1h3A to Polv-]MA

gMALU" We~gigt.~ it, Q mire. sea .44 221M mg. I Cnvesio

1. 1.5909 15 14.9 96.4
2, 1.3954 30 13.4 101.0
3. 2.0792 60 16.8 83.2
4. 1.6013 120 11.0 70.5

*The original coating solution contained 9.72 mg. IRA/g.
*Kqposures were made using a 375 watt photoflood at a distance

of 1.5 inches.

Diaguasion of Table VII. The lack of correlation between exposure
level and percent conversion shown by these data shed doubt on the
reliability of the analytical method and underscore the need for
duplicate experiments. Further than this, the impossible conver-
sion measured for coating 2 prompted a closer look at the poly-MA
isolated via this technique. The infrared spectrum of the polymer
obtained from the coated layer is practically superimposable on
that of pure poly-MOA with the exception of two very weak bands at
7.35 and 12.75p. Neither of these bands is present in the spectrum
of the gelatin used in the experiment; however, a sensitive color
test for protein, based on the formation of violet colored Schiff
bases by reaetiol of p-dimethylaminobensaJdehyde with acid hydro-
lyzed protein 18', was positive for gelatin and polymer isolated
from the photopolywerized layer but negative for pore poly-.BA,
Prolonged digestion (48 hours) with Takamine and citric acid
followed by thorough washing ,.rth water and alcohol failed to
prevent the photopolymerized poly-MA from giLvin a positive gelatin
test. This result, while interesting in that it implies same chain
transfer to gelatin In the polymerization process, introduces an
additional variable Into this method developed as a means of
estimating the percent conversion of monomer to polymer,

The following FVP based formulation was similarly coated on unsubbed

Plastar base and processed as in the platin based coatings,

4192-30

PolvInylpyrrolidone, X-30 10 gO
Water 50 MI*
N,N'.J2 thylenebteaorylataide 1.50 go
Ferric ammmiim oxalate, 30o 5 MI.
Saprdme, "• 1 al.



ixter ewlxmmre and processing with 1ý# hydrogen percodde, the
insoluble polymer was isolated and dried in vacuo. A sample was
subtittod for nitrogen analysist Found: N, 11.96, 11.81; cal-
culated for poly.JBA (C7RIO0 2N), N, 18.1?; for FVP (C6H9NO),
N, 12.71. This experimental result obviously cannot be recog-
oiled in terms of a graft copolymer of PVP and 12A. It may mean
some hydration of the polywar; however, the low nitrogen analysis
and the infrared spectrum almost certainly indicate a signifcoant
degree of chain tranf•er to binder. While this conclusion makes
the determination meanirnless for the estimation of percent con-
version of monomer to polymer, it does provide a technique for the
estimation of the tendency of various binders to enter into the
photopolymerization process.
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Z. EM":A FMCR N=CT 2NTjRAL

I. Continuation of syntheses of organic aoids waose ferric salts are Wtaely
to yield a colored ima3e during photopolymer formation. Speolfloally,
these a"ids Inolude 3,5,31,,51 diItdroxybensilo acid and 1.3 dihydrazy
1,3 dimet':ylglutario acid.

2. Stud7 of reactions designed to multiply the nmuber of radicals arising
from the photodecomposition of ferrico bensilate or related ferric
salts. It is possible that this amplification may be aohiewed by meao
of suitable additives to th. coating formulation or an extra 'ocessing
step. For example, the 4lelralon of an exposed ferric bensilate layer
in hydrogen peroxide affords a supply of hydroxyl radicals in addition
to the photoprodaced diphensylmthoxyl radicals.

3*. kpeqments designed to elucidate the nature of the radicals arising
from the 1hotode•omposition of uranyl salts such as urar•. acrylate,
A clarification of this meohanims could suggest means of accelerating
photopolymerization with uraz~l salts, such as has been attempted with
methylene bluo-mandelic acid.

4. The sarch for photopolymawriation systae with increased Light sensi-
tivity wil be continued. Specifically, the approaeb based on auto-
oxidation will be expanded and the system utilizing the 1,3 diaxolnes
as the autoxidisable substrate wil be iribstigated In detail. Varaa-
tions of the binder, photonseitiser and dioxolane structure wil be
examined. A study of the effect of both autcu•dation accelerators and
antioxidants on the system Is contemplated.

(
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1e draw on other emoe-)rs of our Rseamlb staff for oooasional conulting

Dr. F. 14. 1. ,iieller, Director of Research and Develorment;

Dr. F. J. Kassuba, Associate Director of Research and Developments

Dr. H. F. Nitka, Associate Director of Research and Dsvelopmnt; and

Dr. G. A. 'ilesehshn, Reseach Librarian@

The Accounting Departsent Report on this Project will be submitted tr the
Federal Sales Department within 30 days.

Steven Levimo
Project idnagur



U. S. ktt ka X~tO1"IrS REIV3~RII 6.ID MiffigPWHT LABORATORYF(ART 106MRT, IW Mar

Coutraot No. M36-039 AMC-00119(Z)
Report no. First Quarterly
ProJect Sig1neer, ialryn Levy

pIS•TINJTION LIST

oAD (as), Rorm 331063 Commaundng Omeral
AITTs Toobnioalu Lbrary U. S. Aan leotronio. RD Activity
Th Pentagon ATM Technical TAbrary
Washington 25. ). C. (1) Fort Huachuca, Arisons (1)

Chief of Reseawch and Developiment Commander
OCS. Dmpmrtimnt of the Army Armd Servios Technical Info. AMec
Waineton 25, D.C. (1) ATMs TEMA

Arlington an station
Com ding Omeral Arlington 12. Virginia (20)
U. S. ArwW •.etronics Command
ATTN AMSIL..RD Dirotate of Researoh and Develoyment
Fort komoth, New Jersey (1) Headquarters, USAF

ATIM AFIMtD..S
Director Wahington 25, D. C. (i)
U. S. Naval Research Laboratory
ATTN: Code 2027 Chief, Bureau of Naval IYeapons
Washington 25, D. C. (1) Photographic Division (OF P3-4)

Departmnt of the Navy
Camading Officer and Director 11ashington 25. D. C. (1)
U. S. Navy Meotronics Laboratory
San Diego 52, Californixa (1) COmmanding Officer

U. S. Naval Photo Center
Aeronautioal Systems Division ATMN: Test & Bvaluation Departaent
ATMi, ASARPL U. S. Naval Air Station
Wr•ght-Pattersn Air Force Base Mnacosta, D. C. (2)
ChIo (2)

signal Corp Laiso an Officer
Air For"e Camidge Research Labs. Johns Mopine ftiversity
ATMs 0ZO OperatiAm Researh Office
L. 0. Maom nIld 693 ArUngtm Road
Bewdrd, massambusetts (1) Betesda. l•byland

AWasington 14, D.C. (1)Bum Mr Develogmmt Cust
ATIs RAAWLI Oiuiing General
GrIffis Air Fare Dan U. S. Aro Intellipge o Center
New York (1) ATIT, Presidet

Baltime 19, HMryland (W)



DE8IZMJTXQP LIST FOR COC T NO. Dk•6-O A--OOg19(Z) (Contimted)

Ooemwmder Comanding Officer
Aereiat Sys tam Division, U. S. ArW Clectronic RD Laboratory
Air Faee Sy•t.m. Ctina' ATTN, a SWsl..LNR
ATM, A (ANMRD4.) Fort Aoboth, Now Jerse7  (1)
1fright-Patterso Air Force Base.
Ohio () Comanding Officer

U. . Army' Ilctroiaos PAD Loberatery
Technical Information Service ATDI, Logistics Division
U. 8. Atone. ierg •0mission Fort Horkmuth. Now Jersey
P. 0. Box 62 W SRUWSZ.a (Mao M. •,•)
Oak Ridg, T•,mesee Wi) -omndn Officer
Qhief U. 3. ArW Electonics RD Iabuaatocm
U. 8. ArmW Seourity AWen AT21, S A/SL-MT
Arlington Hall Station Fort kmoiuth. New Jersey (1)
Arlington 12, Virginia (2)

COWNWdIng Offce
Deput President U. . A; An MoeteoniS PAD Laboratory
U. S. Army Security Agency Board ATTIY SMRA/M..AN
Arlington Nail Station Fort Vbmouth, Now Jersey Wi
Arlington 12, Virginia()

omding Officer
Commanding Officer V, S. An'u Ilectronica PAD Laboratory
U. S. Army Eaeotronica listeriel ATTNI SlRA/SL.SA File Unit no. i

Suet, Agency port mohm . Nev Jersey (1)
ATTNM SEIJAW
Fort Hormouth, Now Jersey (1) Com ding Officer

U. S. ArW •eotronieos R&D Laboratory
Plastics Teehnical ftaluation Center ATNI. S RA/SL.34
Fioatinny Arsenal Fort l'umte New Jersey (3)
ATINM Mr. A. oleson, Bldg. 176
Dover, Paw Jersey ()


